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Abstract. Microbial filtars with and without reeds (Phragmites commanids]
were toed Lo degrade aromatic and aliphatic erganlca on the EPA priority pol-
lutant list. The initial concentrations of the organica were In tho range af 400
1000 pg/ L. The contaminated rver water waa treated under batch conditions.
Tha river water contained sufficient dissolved oxygen to austain aercble condi-
tions. The plant-free micrablal filter effected the removal of G1-%9% of the
aromatic compounds in 24 hra and 30-81% of the aliphatics, The reed/microbinl
filter system improved the removal rates to 81->99% for the aromatics and 49
9% for tho aliphatics in 24 hra,

Additional Index Words, microbial filter, reed, Phragmites communis, -3
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Introductisn, Many studles have domonstrated the ability of miaroorgan:
isms under deflned conditions to degrade aromatie hydrocarbons (Eaton &
Rikhane, 1982; Gibson, 1971 and 1977; Keyser ¢f al ., 1976| Tabak ot al, 1981)
Degradation of halogenated aliphatics aecma Lo be more easily accomplished
under anaerobic or anoxle conditions (Bouwer and MeCarty, 1983 A & B; Hou-
wer ¢t al, 1081}, Recently Wllson and Wilson { 1985] found evidenes far the aer-
thic dogradation of trichlorcethylene, Harber ot al. (1933) found that methy-
ketraphic bacterla are capable of oxldizing many halogenated mathanes as well
s some aromatic hydeocarbon derivatives

In most of the abowve studies, microorganisma, especially of the
Peiwdomonas genus, wore either isolated from a situation which hed been con-
twminoted for some tme with toxle organica of Interoat or were gradually
sdapted to utilize the organics as a partial or total source of carbon, Microor-
pinlams ean adapt Lo utllies new carbon sources by & protess of recruiting
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various genes from existing plasmids to make pew plasmids which code for
LnEymes necessary to convert tho carbon sources into compounds useful for
energy and cell mass synthesls (Kellogp er al, 1081). Blological processlng
tachnlques have been developed which enable adapted microorganisma to be re-
taimedd fn the Blological treatment undt for periods much greator than tha hys
draulic retention time, Young and MeCorty [1960) were the first to demon-
alrate the affectivoness of annorebie filters or biofilma for domentle waptawntor
treatment. Further technology in this aren has been oxpanded by Rittman and
MeCarty {1080), Wolverton (1982], and Wolverton of al (1983), The micrabinl

filters developed by Wolverton (1082) alse supported growth of the common.

reed {Phragmites communia) which enhanced the overall removal rate of the
filter. Wolvorton and MeDanald (1981) demonastrated that a reed/microbial fil-
ter system could romove 93% of the phenol in a 100 mg/l solutlon in 24 hours,

Ta further evaluats the utility of mleroblal fiters, a microblal filter was
uséd to blotransform organice cited on the U, 5, EPA priority pollutant list
[Governmant Institutes, Inc., 19858), In addition, an ldentleal microblal (lcer
pystem supporting growth of the common reed (Phrogmites communis) was
pludied slmultansously (o nesess the additional benefit of uslng vascular
aquatic plants to remaove organics and/or their metabolic breakdown products
from microbial actlon on the priarity pollutants,

Material and Methods, Experimental Syatema, A fiberglas tank wos used
to mix the organles with fresh river wator drawn from the Enst Pear] River at
the Motional Bpace Technology Laboratories, Misslsalppl To contaminate the
river wafgr, a concentrated mixture of organics was prepared in methanol
whdel was added Lo tho rlver water, The contaminated river water wia pumpod
from the tank Into the two microbinl filters in s batch-Lype operation, Conses
quantly, the Initia]l concentrations of organics Introduced into bath filtors were
the soma. )

The micrebinl filters were troughs, 606 em W x 306 cm I x 298 cm L,
made of galvanized steol and fllled to a depth of 16 em with rocks (2.5-7.6 ¢m in
dismater] with a top layer of pea gravel {(0.26-1.8 em In diamataor) & em deap.
Each filter was approximataly 2 yvoars old and had been used In other evalua
tions with domestic wostewater. Therefore, the filters already contained an
nctive biolillm, The eeds ware well establlshed with their reot ayslems exten:
slvely enmeshed within the filter.

Immediotely precesding each new runp, the troughs were drained, and new
contaminated rivor wator was introduced, Bamples wore collocted via o botiom
valve. Samples were removed Initiolly from the mixing tank, and later at 4 and
24 hr ax posure intervals, Datn was collected for s total of 48 runa.

Experimental Procedures, Bockground dots on the initial and 24 hr
pamplos was obtained by analyzing for pl, tatnl suspendod solida (TSS), total
dissolved solids (TDS), Lotal phesphorus (TP], total kjeddah] nitrogen (THN),
total organic carbon [TOC), and chemical oxygen demand (COD) [American
Publizc Health Assoclatlon, 1081).




The purgenble organics were annlyzed with sutomated purge and trap
equipmant and gas chrematograph walng an FID and 6 fe x 174 in glass ealumn
packed with §0/80 Carbopak B, 1% SP-1000. The base/neutral extroctable or
ganica ware annlyzed secording to Longbottom and Lichtenborg (1962) uaing a
methylens chloride extraction and concentration procedure and gas chromato:
graph equipped with an FID nod a 6 It x 1/4 in glass cclumn packed with
1004120 Supalcopart, 3% SP-22060.

Reaults and Discusslon, The filters used in this study wore two years old
and had been used in other projocts involvaed with the stabilization of demestic
wustewator by this proceas. Therefors, the filter surfnces wore well covered
with an activa biafilm, The exiating microflora were acclimated for this study
by adding tha arganle eancentrate in river water Lo the filters five dnys a weak
far ona month prior to data collection.

Background data on the river water over the experlmental pericd la ahown
in‘Table 1. The COTD ks mainly due to the methanol used to make up the erganic
cancentrote mixture, Bulflclent concontrato was added Lo the river water prior
to mixing to achbeve & 1000 pg/ L concentration of each organie, However,
saime wan boat during the mixing process, and cansequently tlee initlnl snmples
ohtained just prior to introducing the water into the troughs reflect lower con:
cantrations. '

Table 1, Background data on inltisl and final (24 hr) samples from the two filtar
ayatems,

Concentratlon, mgs

Parameter Initial Final
Without reed With read
pH (Std units) 71 71 6.4
Do T2 2.8 2.4
Temp, 91 24.2 -1 21.8
. TOC 110.6 47.0 41.0
TS5 6.9 7.0 4.6
TDS 1048 117.2 12,1
T.P 11 1A 11
THHN 2.8 a1 A
con "4 334.1 a0
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The spiked river water containod an averago nitlal dissolved oxygen (DO]
concantration of 7.2 mg/ L. The systems were atill porobic after 24 hra. How-
évir, Blotranslormatlon of ihe addod erganles was slaw altor the first 4 hrs of
eXpoaUra,

Data for all the organics con ba found in Tables 2 & 3. Loss due to volatill-
eation appenra to hove been rolativoly minor when analyzing 1I1.n data for the
most volatile organics (Henry law constant, H>3500 terr M*!) such as ban
zene, ebliylbenzene, and chloroform, For example, without reeds the initlal ben-
gone concentration was roduced 58% from T21.4 Lo 3020 pg/E In the firot 4 hep
and only by another 16% from 302.0 to 264.8 pg/E over the 20 he period be-
twean the 4 and 34 hr somplos, reapoctively. BEihylbonzano showed a almiar
pattern with 62% removal in the firat 4 hras and 11% In the next 20 hra. Chloro-
form exhibited a 4T% reduction in tho firat 4 hes, and over the next 20 br treat-
ment period an additional 205 reduction was seen. A sterlle control to obtain
nbsalute control results of volotilzation was imposaible to devino considering
the size and environment of the fllters.’

The data in Table 2 shows that biotranslormation of the organics was
most rapld in the flret 4 hes, The initlal rapid kinetiea correspond to the perod
of highost DD concentrations, Aerable metabolism of chlorinated aromatica
such ag chlorobenzene has been shown to require as Little as 20 min for 86% re-
maval of initlal concentrations of 10 pg/f when the DO ls maintained at &
mg/l {Bouwer and McCarty, 1081}, In the study by Bouwer and MeCanly
{1981}, the chlorinated aromatics wers utillzed as secondary substrates.

The mlerabial filier system without reeds effected the removal of §1-85% of
the aromatic hydrocarbons in 24 hra and 3081% of the chlorinated aliphatica
(Table 2). The reed/microbial filter system improved the removal rates to 81-
>0%% for tho srematics and 49.93% for the aliphatica [(Toble 3]. Complate
mineralization of the organies cannot be deduced from the data becauss only
the concentrations of the parent compounds were monitared.

The growth of reeds within tha filter beds made n noticeabbe difference in
the dats, Two possiblo oxplanations ara that the roeds directly abaorbed o
fraction of the crgonics or that the reeds abaorbed organics that were inter-
mediates in the microbinl degrodative pathu-yu and caused a shift in equili-
brium powards product formotlon,

Both flter syntems demanstrated significant removals of the halogenated
allphaile hydrocarbons. Bouwer and MeCarty (1981 and 1083a) found no sero-
bie degradation of chloroform, 1,1,1,-trichoroethane, and totrachloroethylena,
However, in the review by Harber ¢ al. (1983), several serobic mlcrosrganisms
have been identified thot can utilize halogenated 1-carbon compounds, Re-
search by Wllson and Wilson (1985) demonstrated that trichloroethyleno could
b perobically degraded.

The upper limlt concentrations of the 24 hr elfuent samples st the 85%
confidenca lovel [P=0.95) are shown in Tabla 4. Tha averago statistical uppor
lmit of discharge for the reed/mleroblal [Dier was 36% and 28% lower for
aromatic and aliphatie hydrocarbons, respectively, than for the plant-free mi-
croblal filier,




Table 2. Average orpamic concentrations a3 & function of time in the microbiel flter syrstem without reeds

Concentration, pg/E

Orgaaic Imitial {a) {Er o) M br (e} Removal, %
Arcematic

Beszene THA 223.8) 3020 [203.7) 254.E {101.5) B4
Biphenyl 8210 (z89.2) 859 [ 843) 705 { 33.4) a1
Chlorobenzene 5312 (19L.1) 244.3 (107.8) 207.9 ( 889) 61
Dimethylphthalats 10326 (225.5) 5112 (1225} 3548 (122.8) 65
Ethyibenzene 4303 [196.5) 1863.5 i 84.3) 1458 | 68.7) &6
Naphthatlene TOE.T (187.2) 1008 [ 28.3) 48.% { 30.3) BE
p-Nitrotaloens 9805 {316.3) §7.1 [ 55.3) B.2 [ B2 85
Taloene BE1.4 (210.7) H1.1 [ BE.3) 171.4 [ Ti.1) 71
p-Xylene 598.1 (186.2) 153.9 [ T9.3) 128.1 [ GE.B) &5



Teble 2 [cont’d])

Concentration, pg/i

COrgenic Imitial {el 4hr (o] 24 br (o] Removal, &
Aliphatic:

Bromoform &40.8 [246.4] prs | {145.5) 1226 (124.0) a1
Chloroform B3 {201.3) 441.8 (118.5) 2523 [165.5) 58
1.2-Dichlorocthane E21.6 (1BE.E) 5831 (1Z2.9) 4554 (173.5) a5
Tetrachloroethylene 4573 (1821} o R (1i3.9) 2148 { &2.0) E2
1,11, -Trchloresthane T56.1 (391.9) £00.7 (131.8) A25T (140.6) 57

& = standard deviation
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Tahle 1. Average orpanic concentrations s & funetion of time in the microbisl filter systeen with reeds.

Concentration, pg/s

Chrganic Initial (o) 4br (e} 24br {e}  Removal, %
Arammatic

Benzene 2.4 (223.5) 124.0 (8RO} 138.7 (73.3) &1
Biphenyl 821.0 [289.2) 2.3 (28.8) 40.5 {28.1) as
Chlorobenzene 5312 (191.1) 135.4 (68.0) 100.4 (78.9) 81
Dimethylphthalste 1032.5 {225.5) 1.8 (98.3) 153.9 (75.3) 81
Ethylbenzene 4303 (195.5) 73.8 {53.1) 525 {46.3) g8
Maphthalene 706.7 (197.2) £9.3 (27.3) 8.0 {32.7) %0
p-Nitratoluene 980.5 (316.3) 9.1 {184} 12 {20 =
Toluene 581.4 [210.7) 103.1 {53.5) 58.9 [32.7) g3
pXylene 3981 {186.2) 122.3 (107.1) 702 (52.9) 52



Table 3 (eont'd)

Oeganie Tnitiad (2) dbe {2) 24 be (o) Remeval%
ABphatic

Bromaform 6405 (246.4) 1281 ( 22.1) 488 (s22) 3
Crlarafarm E37T 201.3) 215 (1037 s 75 e (165.8) 20
1.2-Dhchlarosthane EZ1E (166.5) B13.0 (116.5) 4207 {158.7) 449
Tetrachlarpethvlene 4573 {189.1) 1617 | B2.9) 1124 { B0.9) T8
1.1.1,-Trichloroethase 7561 (251.9) 244 (118.2) 2436 {119.1) 68

o = standerd devistion



Table 4, Upper Limit (U] concentrations {I'=0.95] for the arganica nfter 24 haur
eEpoaure peciods,

Organle U, pg sk & 24 he, (P=0.05)
Addditlonal reduction
Without reed With reed with reeda, o

AROMATICS:

Benzene 4256.3 2618 R
Biphenyl 127.6 80,2 29
Chlerabenzane 573 220.6 a6
Dimethylphthalate 660.6 3204 43
Ethylbenzane 261.2 130.3 B0
Haphthalens 148.1 122.9 . 18
peiiitrotaluene 19.0 &0 1]
Toluene 219.0 1666 28
p-Xylone 2245 170.8 24
ALIPATHICS:

Bromoform 3T 134.3 Gl
Chlaroform G320 B40.5 13
1,2:Dichlarcethana Ta59.9 Ga0,0 13
Tetrachloroethylons 2004 2483 33

1,11, Trichlorsethans hi1.9 dd 3.7 21

In conclusion, this study has demonstrated tha potential of & comination
of reecln and bisfiima ta bisdegrade hazardous organic compounda from natural
fresh water bodles. A properly scclimated system can blodegrade both
aromatie dorivatives and halogenated aliphatic compounds at the same time.
On an average, the systems each rocelved 8,717 pg/l of mixed chemleals apik:
od in river water, The reed/microbial filter reduced the mixed chemical cons
centration overall by 81% in 24 hra, and the plant-freo micrablal filter roduced it
by T0% in the same period.
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